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Empirical characterization of the interrelationship 
between gold and other financial markets 
 
 
Introduction 
This doctoral dissertation aims to shed light on the interrelationship (e.g., causality and 
correlation) between gold and other traditional financial markets such as stocks, bonds, and 
foreign exchange, and to empirically characterize the properties of gold as a financial asset. 
Although gold has gained popularity among international investors as an alternative investment 
asset in recent years, academic research on gold is comparatively rare. Thus, various issues 
regarding the interrelationship between gold and other financial markets are yet to be explored 
in detail. 
Since they have a low correlation with other financial asset classes such as stocks, 
commodities like gold are often regarded as a hedge and/or a safe haven. For instance, Gorton 
and Rouwenhorst (2006) showed that the returns from commodity futures had a low correlation 
with stock returns. Erb and Harvey (2006) also demonstrated that the correlations among 
various commodities are low. Meanwhile, literature regarding the progress of the 
financialization of commodities has increased in recent years (Domanski and Heath, 2007; 
Inamura et al., 2011; Tang and Xiong, 2012). The introduction and proliferation of various 
derivatives and exchange-traded funds, whose underlying assets are commodities, are spurring 
the progress of financialization of commodities. As a result, commodity prices may deviate from 
the fundamental value derived from their supply and demand (Inamura et al., 2011). Recent 
research (e.g., Inamura et al., 2011; Tang and Xiong, 2012) has presented evidence regarding the 
gradual increase in correlation between returns of commodities and stock, and among 
commodities, especially those included in the Standard & Poor’s – Goldman Sachs Commodity 
Index (S&P GSCI) and Dow Jones-UBS Commodity Index (DJ-UBSCI), since the mid-2000s.  
Baur and Lucey (2010), Baur and McDermott (2010), and Hood and Malik (2013) 
conducted an empirical analysis based on an econometric model to determine whether gold 
functions as a hedge and/or a safe haven asset in times of financial turmoil. Their results 
indicated that, although gold acts as a hedge on average and serves as a safe haven during 
extreme negative shocks in the stock market, the safe haven aspect of gold is short-lived.  
Further, although the effectiveness of portfolio diversification depends on the correlation 
among assets, it is uncertain whether gold functions well as an instrument of diversification for 
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gaining returns and reducing risks. Many studies have addressed the time-varying correlation 
within the same asset class (stocks and bonds) across countries in the context of a contagion test 
(e.g., Chiang, Jeon and Li, 2007; Dungey et al., 2006; Forbes and Rigobon, 2002). However, 
little research has been conducted to analyze the time-varying correlation between different 
asset classes, with the notable exceptions of Hartman et al. (2004), Longstaff (2010), and 
Piplack and Straetmans (2010).  
Moreover, Baur (2011) stated that gold might change its role over time. The rising 
financialization of commodities may change the circumstances in the gold market through 
changes in the macro-financial environment and investors’ behavior.  
Thus, this doctoral dissertation contributes to the empirical study of the interrelationship 
between gold and other financial markets, and is expected to provide useful information for 
portfolio selection, risk management, and hedging strategies for individual and institutional 
investors.  
The outline and main results obtained from the empirical analysis in each chapter are 
summarized as follows
1
.  
In Chapter 1, in order to analyze the gold market, we investigate the interrelationship 
between gold and stock markets. Specifically, we conduct a statistical test based on the time 
series method to detect the causality between the returns on gold and stock market performance. 
By applying the non-uniform weighting cross correlation function developed by Hong (2001) to 
the returns and volatilities of gold and the S&P 500 index, we detect a causal relationship 
between these variables. Our empirical results show that causality exists in the variance between 
stock and gold, after the global financial crisis that originated from the subprime mortgage 
problem. According to this analysis, it is empirically found that the recent financial turmoil has 
resulted in the phenomenon of gold investment in an emergency or ‘flight-to-quality’ for gold. 
However, the occurrence of flight-to-quality itself does not necessarily guarantee the 
effectiveness of gold as a hedge and/or a safe haven asset.  
In Chapter 2, we extend our analysis to incorporate the interrelationship between gold and 
bonds and the foreign exchange markets. Employing the Asymmetric Dynamic Conditional 
Correlation (ADCC) model developed by Cappiello, Engle, and Sheppard (2006), we uncovered 
the dynamic interdependence between gold and other traditional financial markets. We found 
that the dynamic correlations between gold and the S&P 500 index and the bond index fluctuate 
between -0.3 to 0.4 around zero, and has been consistently negative between gold and the 
euro/US dollar exchange rate since 2000. Moreover, we detected a complementary asymmetry 
                                                   
1 Table A summarizes the main results obtained in each chapter.  
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in the dynamic correlation between gold and euro/US dollar exchange rate. Further, we 
identified that there was a structural break in the dynamic correlation between gold and the S&P 
500 index after the recent financial crisis, and like in the previous chapter, it indicates that 
flight-to-quality for gold has occurred. Furthermore, the dynamic correlation between gold and 
the S&P 500 index responds inversely to the rise in the volatility index (VIX) resulting from an 
upsurge of uncertainty for the future held by investors. However, we confirmed that it has 
shifted upward after the global financial crisis caused by the collapse of Lehman Brothers. This 
implies that the property of gold as a hedge and/or safe haven is limited, to some extent, during 
the turbulent period of the stock market, and is partly consistent with the findings of Baur and 
Lucey (2010).  
Thus, we examined the interrelationship between gold and other traditional financial 
markets by detecting and measuring their directional causality and dynamic conditional 
correlations. In Chapter 3, the final chapter of this doctoral dissertation, we tested whether a 
long-run stable equilibrium relationship exists between gold price and key financial variables 
using the cointegration technique developed by Gregory and Hansen (1996). The findings 
suggest that a cointegrating relation exists with a regime shift, that is, there is a stable long-run 
equilibrium between gold price and key financial variables, including the S&P 500 index, the 
trade-weighted US dollar index, and the US short-term interest rate. Additionally, we detected 
that a regime shift had occurred around December 2005 by endogenously determining the 
structural break date algorithm, and this period largely coincides with the period of 
financialization of commodities as recognized by existing literature. Furthermore, we confirmed 
that the coefficients of the stock index and the interest rate increased in terms of absolute value 
after a regime shift, implying that gold has been strengthening its interrelationship with 
financial variables by advancing the financialization of commodities.  
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Table A: Summary of the empirical results obtained from each chapter 
 
Notes: The entries in the “Asset” column describe how gold relates to each asset.  
 
 
  
Stock Interest rate Exchange rate Bond
1
Non-uniform weighting cross
correlation function (Hong, 2001)
Jan 2000  - Apr 2011 Daily
The causality-in-mean
and causality-in-
variance between the
S&P 500 index and
gold, after the recent
financial crisis
－ － －
・Detected the causality-in-mean between the S&P 500 index
and gold in the full sample.
・Detected bidirectional causality-in-mean before the crisis.
・Detected the causality in-mean and causality-in-variance
between the S&P 500 index and gold, after the crisis,
suggesting flight-in-quality for gold.
2
Asymmetric Dynamic Conditional
Correlation (Cappiello, Engle and
Sheppard, 2006)
Jan 2000  - July 2011 Daily
Fluctuates around
zero in the S&P500
index
(-0.3～+0.2)
－
Consistently negative
correlation in the
EUR/USD exchange
rate
(-0.1～-0.6)
Fluctuates around
zero in the US bond
index
(-0.2～+0.4)
・Detect complimentary asymmetry in dynamic conditional
correlation between gold and EUR/USD exchange rate.
・The VIX has significant explanatory power for dynamic
conditional correlation between gold and the S&P500 index
after financial crisis, implying flight-to-quality for gold
again.
・The upward shift of dynamic correlation between the
returns of gold and the S&P500 index, implying the limited
function of gold as a hedge and/or safe haven.
3
Cointegration with regime shift
(Gregory and Hansen, 1996)
Jan 1990 - May 2013 Daily －
・Existence of cointegrating relation with regime shift
between gold and key financial variables in the US.
・Detected December 13, 2005 as the breakpoint.
・Found more evidence of the influence of financial
variables on gold prices in recent years, implying that the
financialization of commodities has progressed.
Comments
Cointegration with regime shift between gold and financial variables -
the S&P500 index, dollar index and short-term interest rate
Data frequencyChapter Method used (Author) Sample period
Asset
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Chapter 1 
Testing for causality between the gold return and stock 
market performance: evidence for ‘gold investment in case 
of emergency’ 
 
 
I. Introduction 
The main objective of this article is to elucidate the characteristics of gold as an investment 
asset by testing for causal relations between gold return and stock market performance or 
uncertainty over the last 10 years. 
In recent years, gold price exceeded 1800 United States dollars and reached its peak in 
nominal terms. Gold is increasingly attracting the interest of international investors as an 
alternative investment vehicle. What is invoking the recent surge of gold price ‘seems to be a 
response to generalised fears of economic turmoil’ (Economist, 2009). In addition, the fear of 
high inflation in emerging economies such as the BRIC countries and monetary expansion (e.g., 
quantitative easing) in advanced countries has been accelerating its sharp rise. Further, it is 
traditionally believed that gold is ‘a hedge against high inflation and a weak dollar’ (Economist, 
2009). Besides, gold possesses some special properties analogous with money as a store of 
value, a medium for exchange and a unit of account, and has characteristics different from other 
commodities such as crude oil, agricultural products and other precious metals. 
As a matter of course, gold prices are determined by demand and supply like those of other 
goods. The demand for gold is roughly classified into three: demand for industrial use (e.g., 
jewelry, dental and so on), demand for use as holdings by central banks and demand as an 
investment asset. With regard to the third factor, exchange-traded funds (ETFs) indexing gold 
price have been facilitating investments in gold since a few years. As a result, investment 
demand for gold exceeded jewelry demand in 2009, while supply of gold has been flat or 
declining (Economist, 2010). As for supply-side factors, gold is supplied by mining, scraps of 
gold products and sales by central banks. Although views on the movement of gold price is 
divided, anyway, henceforth, we ought to pay attention to its behaviour. 
At the same time, academic research on gold is comparatively rare, even though gold is of 
interest to many international investors as an alternative investment. This article contributes to 
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the identification of the characteristics of gold by examining the causal relations between 
London gold return in United States dollars and stock market performance or uncertainty 
represented by Standard&Poor's 500 stock index (S&P 500 index). In particular, we are 
interested in whether stock market performance or uncertainty causes flight to quality, more 
specifically, flight to gold. For this purpose, we employ the nonuniform weighting 
cross-correlations developed by Hong (2001). To our knowledge, this is the first article to 
examine the causal relations between gold and stock market using a method based on the 
cross-correlation function (CCF) approach. In empirical analysis, we divide the sample into two 
periods to focus on the change in the role of gold as an investment asset, and obtain results that 
imply a change in the relation between gold and stock market uncertainty during the recent 
financial turmoil (i.e., the subprime mortgage crisis). In addition, we confirm that to some 
extent, these results are robust. We propose a hypothesis that fear of financial collapse results in 
flight to quality as a hedge or a safe haven. Therefore, this article could shed some light on the 
role of gold investments as a hedge or a safe haven in times of stock market crash. However, 
this hypothesis does not necessarily mean that gold effectively works to reduce the losses 
incurred in a falling stock market. 
The rest of the article is organized as follows. In the next section, we review the previous 
research related to the present article. The data used for this analysis and the descriptive 
statistics are presented in section 3. In section 4, we briefly summarize the method used to 
detect the existence of causality in mean and causality in variance. Section 5 is devoted to our 
empirical results. Section 6 concludes. 
 
II. Literature review 
Although there exist many articles on gold in the public domain, as described in the 
introduction, academic research on this issue is relatively rare. In this section, we review the 
previous research related to the present article. 
For the time series characteristics of gold price, Smith (2002) examines the random walk 
hypothesis for three London gold prices: AM fixing, PM fixing and closing price. The 
hypothesis is rejected for AM and PM fixing, while accepted for closing price. Aggarwal and 
Lucey (2007) show that the gold prices of round numbers become psychological barriers, such 
as a support and resistance levels. Their analysis suggests that the gold market is inefficient 
owing to this psychological factor and the specific features of gold because if the market were to 
be efficient, such matters would not be observed. Lucey and Tully (2006) confirm that there 
exists daily seasonality in gold prices. According to their results, the futures market is more 
liquid and efficient than the cash market because there is no evidence of an abnormal pattern in 
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the former. Further, they report that the risk term is not estimated to be statistically significant in 
the analysis with ARCH-in-Mean model, implying that the usual risk-return relation does not 
hold for gold prices. Tully and Lucey (2007) use an asymmetric power GARCH (APGARCH) 
model to investigate gold price. Their results suggest that the APGARCH model including a 
GARCH term, a free power term and an unrestricted leverage effect term provides the most 
adequate description for gold return. In addition, they show that the effective exchange rate of 
dollar has the most explanatory power among the macroeconomic variables on gold return. 
Generally, as mentioned in the introduction, gold is viewed as a hedge against high 
inflation and the depreciation of dollar. Capie et al. (2005) assess the role of gold as a hedge 
against exchange rate fluctuations in two cases: sterling pound/United States dollar and 
yen/United States dollar exchange rates. They confirm a negative and mostly inelastic relation, 
in both the short and long run, between gold return and each of the two exchange rates using 
GARCH and exponential GARCH (EGARCH) models. This relation, however, has varied due 
to multiple regime shifts in the exchange rates and the prevalent political dynamics
2
.  
As a research with a similar purpose to ours, Baur and Lucey (2010) analyse whether gold 
acts as a hedge or a safe haven asset in the United States, the United Kingdom and Germany. 
According to them, hedge is defined as an asset that is uncorrelated or negatively correlated 
with another asset or portfolio on average, while a safe haven is an asset that is uncorrelated or 
negatively correlated with another asset or portfolio in times of market stress or turmoil. They 
find that gold is not only a safe haven for stocks in all three countries, but also a hedge in the 
United States and the United Kingdom. However, gold is not a safe haven for bonds in these 
three countries, and not a hedge in the United States and the United Kingdom. Furthermore, 
their portfolio analysis reveals that the safe haven property of gold is temporary (i.e., about 15 
trading days after the initial negative shock). Although we do not give a clear definition of 
hedge and safe haven in this article, our empirical results suggest that gold is indeed expected to 
counter stock market declines. Baur and McDermott (2010) extend the analysis of Baur and 
Lucey (2010). They examine the role of gold in the global financial system. According to their 
analysis, gold is both a hedge and a safe haven for stocks in major European countries and the 
United States but not in Australia, Canada, Japan, and large emerging markets such as the BRIC 
countries. They also argue that gold can work as a stabilizing force for the financial system by 
reducing losses during extreme negative shocks
3
. Do et al. (2009) examine the effects of return 
                                                   
2
 Further, refer to Joy (2011) and Pukthuanthong and Roll (2011) for the latest research on the relation 
between gold and exchange rate. For the relation between gold and inflation, for instance, refer to 
Mahdavi and Zhou (1997) and Worthington and Pahlavani (2007). 
3
 Ciner et al. (2010) further extend the analysis of Baur and Lucey (2010) and Baur and McDermott 
(2010) by treating more asset classes (i.e., equities, bonds, dollar, oil, and gold) as subjects of assessment. 
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and volatility of gold in London on stock markets of five ASEAN countries - Indonesia, 
Malaysia, the Philippines, Thailand and Vietnam. They find that gold acts as a substitute (i.e., a 
countercyclical) for stocks in Philippines and Vietnam, while it acts as a complement (i.e., a 
procyclical) for stocks in Indonesia, Malaysia and Thailand. 
Sumner et al. (2010) analyse the interdependence among gold, stocks and bonds in the 
United States using the Spillover Index proposed by Diebold and Yilmaz (2009). They find that 
while return spillovers hardly appear, there is some evidence of volatility spillovers and much of 
the volatility spillover is accounted for a spillover from shocks in stocks to bonds. Since the 
spillover effects from gold to stocks and from gold to bonds is extremely low, they cast doubts 
on the forecasting power of gold for stock and bond prices. The Spillover Index is intuitively 
understandable and provides useful information, but it cannot be used in hypothesis testing for 
causality
4
. 
Lawrence (2003) investigates the relations between gold return and such macroeconomic 
variables as cyclical GDP, long-term interest rate, short-term interest rate, rate of monetary 
expansion and inflation rate to test an insulation hypothesis of gold. The author reports that gold 
return is independent of all these macroeconomic variables, while other commodities such as 
West Texas Intermediate (WTI), silver and copper are affected by at least one of these variables. 
As a result, he suggests that gold price, too, is unaffected by business cycles in the United States. 
Kim and Dilts (2011) investigate the relation between the value of dollar and prices of gold and 
oil for monthly data. As consistent with standard economic wisdom, they find that the value of 
dollar and each of the two commodities prices have a negative relation and that the prices of 
gold and oil have a positive relation. This suggests the existence of flight to quality against the 
falling value of the dollar. Furthermore, according to their Granger causality test, a null 
hypothesis of no causal relation between the value of dollar and gold price is rejected, whereas 
the hypothesis for the value of dollar and oil price is not rejected. Based on market model 
regressions, Hillier et al. (2006) explore the diversification properties of three precious metals 
(gold, silver and platinum) from the perspective of portfolio efficiency. They report a negative 
relation between the S&P 500 index and these precious metals under a stable market with high 
return, and also state that all three metals function as a hedge in a volatile stock market. Further, 
they show that these precious metals have almost no correlation with the S&P 500 index over 
30 years from 1976 to 2004, even if the sample is partitioned into some subsample periods. 
                                                                                                                                                     
Chan et al. (2011) is the latest and extensive research examining linkages between stock market and other 
asset market covering gold, oil and housing markets by employing Markov switching model. 
4
 For the Spillover Index and its application to stock markets, see also Diebold and Yilmaz (2010) and 
Yilmaz (2010). 
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Gold is likely to be seen as a safety bet against market uncertainty. Cohen and Qadan 
(2010) explicitly combine gold price with stock market uncertainty, as represented by the 
volatility index (VIX). VIX is often referred to as a fear gauge, and is deemed to reflect investor 
sentiment. They find that gold price Granger-causes VIX during volatile periods, but there is 
significant bidirectional causality between both variables during stable periods. Therefore, they 
conclude that investors still regard gold as a substitute investment in the presence of high stock 
market uncertainty. Sari et al. (2011) is another recent work that combined gold price with VIX. 
They explore the information transmission mechanism between Brent oil, gold, silver and 
United States dollar/euro exchange rate and VIX as a proxy variable representing global risk 
perceptions. They discover only one cointegrating vector, that is, a unique long-run equilibrium 
relation among these variables, and also demonstrate that VIX has a significant negative effect 
on Brent oil in the long run. Besides, their analysis shows that the effect of VIX on gold price is 
negligible from the viewpoint of forecast error variance, and VIX has a similar effect on gold 
price from the viewpoint of impulse response. 
As a research using the CCF approach, Bhar and Hamori (2004) examine the pattern of 
information flow between price changes and trading volumes in gold futures contracts. They 
find evidence of strong contemporaneous and moderate lagged causality in variance from price 
change to trading volume. Since this behaviour of gold futures is different from that reported for 
other commodity futures such as agricultural products and crude oil, they propose the 
hypothesis that this is probably attributable to the special nature of gold as a commodity and the 
fact that the importance of the gold market increases during a stock market slump. The test 
procedure they use - the CCF approach developed by Cheung and Ng (1996) - is revised to 
incorporate nonuniform weighting by Hong (2001), and we adopt Hong's approach to test for 
causality between gold returns and S&P 500 index
5
. 
 
III. Data and descriptive statistics 
Data 
We construct the daily PM fixing of London gold price in United States dollars per troy 
ounce. The London gold fixing is the spot price of gold and determined twice, at 10:30 AM and 
3:00 PM, in a business day
6
. The London gold fixing is viewed as a worldwide benchmark for 
                                                   
5
 For the application of the CCF approach, for instance, refer to Bhar and Hamori (2005); Bhar and 
Hamori (2008); Hoshikawa (2008); Inagaki (2007); and Tamakoshi (2011). Caporale et al. (2002) adopt a 
VAR multivariate GARCH framework and causality test for relevant zero restrictions on the conditional 
variance parameter. Furthermore, it can test for structural break in the volatility. 
6
 The determination process of gold fixing is described briefly in Capie et al. (2005) and Lucey and Tully 
(2006). 
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various gold prices. The data are from the London Bullion Market Association (LBMA) 
homepage
7
 . In case the PM fixing price is not available, we replace the data with next opening 
day's AM fixing price. 
As noted in the beginning of this article, we use the daily closing value of the S&P 500 
index as a variable representing stock market performance or uncertainty. Accordingly, our 
analysis mainly bases on the perspective of the United States investors. We obtain the S&P 500 
index data from the Federal Reserve Bank of St. Louis homepage
8
. 
In this study, the sample period is from 4 January 2000 to 28 April 2011, and the number of 
observations is 2833. Fig. 1 illustrates that the time series behaviour of the PM fixing of London 
gold price and the closing value of the S&P 500 index. Over the sample period, at first glance, 
the gold price is almost monotonically increasing except several short-term declines. The gold 
price increased by about 5.5 times over the last 10 years, while the S&P 500 index fluctuated in 
the range from about 670 points to about 1570 points. 
 
 
Fig. 1. Gold price and S&P 500 index: from January 4, 2000, to April 28, 2011 
Source: Gold price data comes from the London Bullion Market Association (LBMA) homepage. The 
S&P 500 index data comes from the Federal Reserve Bank of St. Louis homepage. 
 
 
The gold price fluctuated in the range of $250–$420 during the 1990s but exhibits a sharply 
increasing trend after around 2002. In 1970’s to early 1980s, the US and European countries 
suffered from high inflation and unemployment, and low growth, which were mainly 
                                                   
7
 Refer to http://www.lbma.org.uk/pages/index.cfm. 
8
 Refer to http://www.stlouisfed.org/. 
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attributable to oil crisis caused by Organization of the Petroleum Exporting Countries (OPEC). 
These factors contributed to the bull market of gold. In contrast to the 1970s, for about two 
decades from the early 1980s, the gold market ran into bear market. The most of this period 
corresponds to the period of the "great moderation" so-called, and the US economy achieved 
low inflation and stable growth. In the late 1990s in particular, the stock prices of Information 
Technology (IT) -related companies continued rising, and attraction of the equity investment 
rose. The collapse of the IT bubble and the terrorist attacks in September 11, 2001, told the 
opening of the bull gold market again. In 2000s, demand for gold for jewelry and industrial use 
expanded owing to the emergence of China and India. Furthermore, the increasing participants 
in the gold market, because of its easy access for general investors owing to the introduction of 
gold Exchange-Traded Funds (ETF), spurred on the rising of gold price. After the financial 
crisis in 2008, the fear of high inflation in emerging economies such as the BRIC countries and 
monetary expansion in advanced countries has been accelerating its sharp rise. In 2011, many 
central banks (i.e., Mexico, Russia, Bolivia and Thailand) increase the gold reserves. 
Furthermore, the general investors in Asian countries (China, India, Vietnam, Indonesia and 
Thailand) and European countries (France, Germany and Switzerland) actively continue to 
purchase gold due to speculation opportunity and the sovereign debt crisis (World Gold Council, 
2011). 
Fig. 2-a and 2-b display the evolution of the gold price and the S&P500 index returns in 
our sample period, respectively.  
 
 
Fig. 2-a. Gold return: from January 4, 2000, to April 28, 2011 
 
12 
 
 
Fig. 2-b. S&P500 index return: from January 4, 2000, to April 28, 2011 
 
 
Descriptive Statistics 
Table 1 reports the descriptive statistics of the returns on gold and on the S&P 500 index. 
For both data series, the natural logarithms are taken, and each return series is calculated as 
follows:       (  )    (    )     , where    is the gold price or the S&P 500 index. 
As illustrated in Fig. 1, gold price was almost monotonically increasing except some short-term 
declines over the sample period; consequently, the mean gold return is positive (0.060). While, 
the mean S&P 500 index return is negative (-0.002), it is virtually zero and more volatile than 
the gold market (the SD is 1.157 for gold return and 1.369 for S&P 500 index return). In this 
sense, gold is a more efficient asset relative to stocks in this period. Kurtosis exhibits leptokurtic 
distribution, and clearly, as shown by the Bera-Jarque test statistic and its p-value, the series of 
both gold return and S&P 500 index return are not normal at the 1% significance level. The 
correlation coefficient (-0.052) shows almost zero or slightly negative relation between both 
return series in this sample period. 
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Table 1. Descriptive statistics: full sample period 
 
Notes: J.B. is the Jarque-Bera test statistic. p-value is the probability value of the Jarque-Bera test 
statistic.  
 
 
IV. Method: Hong’s approach 
In this section, we briefly summarize the procedure to test the causality in mean and 
causality in variance developed by Hong(1996). As mentioned above, we employ the Hong's 
test based on the CCF approach developed by Cheung and Ng (1996) for examining the 
causality between gold return and S&P 500 index return. Hong (2001) proposes incorporating 
the nonuniform weighting cross-correlations into the CCF approach to modify the size 
distortion of the test statistic generated when the causality in mean exists. Hong's test statistic is 
applied to test the causality in mean and variance between two stationary variables of interest. 
 
Basic Concept 
Suppose that there are two stationary time series,    and   . We define the following 
three information sets: 
    (        )                           (1) 
    (        )                           (2) 
   (             )                         (3) 
Then, if 
                                               (4) 
we say that    causes    in mean. Similarly, if 
                                             (5) 
we say that    causes    in mean. 
A similar definition is applied to variance. If 
Return on gold (%) Return on the S&P500 index (%)
Mean 0.060 -0.002
Median 0.057 0.055
S.D. 1.157 1.369
Maximum 7.706 10.957
Minimum -7.972 -9.470
Skewnwss -0.065 -0.118
Kurtosis 8.148 10.567
J.B. 3130.287 6765.906
 p -value 0.000 0.000
Correlation coefficient -0.052
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  (       )
            (       )
                       (6) 
then    causes    in variance, where      is the mean of    conditioned on       . Similarly, 
if 
  (       )
            (       )
                        (7) 
then    causes    in variance, where      is the mean of    conditioned on       . 
 
Two-step Procedure 
In the first step, we estimate a set of univariate time series models (e.g., AR-GARCH 
model) that allow for time variation in both the conditional mean and conditional variance. In 
the second step, we construct the residuals standardized by the conditional mean and the 
squared residuals standardized by the conditional variance. 
The CCF of the standardized residuals is used to test the null hypothesis of no causality in 
mean. The CCF of the squared standardized residuals is used to test the null hypothesis of no 
causality in variance. 
Suppose that    and    are written as 
        √                                (8) 
and 
        √                                (9) 
where    and    are two independent white noise processes with zero mean and unit variance. 
For the causality in mean test, the following standardized innovations are used: 
   
       
√    
                            (10) 
   
       
√    
                              (11) 
Since both    and    are unobservable, their estimates,   ̂and  ̂ , are used to test the null 
hypothesis of no causality in mean. 
Next, we calculate the sample cross-correlation coefficient at lag  ,  ̂  ( ): 
 ̂  ( )  
   ( )
√   ( )   ( )
                         (12) 
where    ( ) is the  -th lag sample cross-covariance given by 
   ( )  {
 
 
∑ (  ̂   ̂)̅
   
   ( ̂     ̂)̅                      
 
 
∑ (  ̂    ̂)̅
   
   ( ̂   ̂)̅                
           (13) 
and    ( ) and    ( ) are defined as the sample variances of    and   , respectively. 
Under the regularity condition, the following condition holds: 
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    ∑  ̂  
  
   ( )
 
→   ( )                       (14) 
where   ( ) indicates a chi-square distribution with   degrees of freedom. We can use this 
test statistic to test the null hypothesis of no causality in mean from lag 1 to lag  . To test for 
causality in mean from lag 1 to lag  , we compare    with the chi-square distribution. If the 
test statistic is larger than the critical value of the chi-square distribution, then we reject the null 
hypothesis. 
For the causality in variance test, let    and    be the squares of the standardized 
innovations, given by 
   
(       )
 
    
   
                          (15) 
and 
   
(       )
 
    
   
                           (16) 
Since both    and    are unobservable, their estimates,  ̂  and  ̂ , are used to test the 
null hypothesis of no causality in variance. 
Next, we calculate the sample cross-correlation coefficient at lag  ,  ̂  ( ): 
 ̂  ( )  
   ( )
√   ( )   ( )
                        (17) 
where    ( ) is the   -th lag sample cross-covariance given by 
   ( )  {
 
 
∑ ( ̂   ̅̂)
   
   ( ̂     ̅̂)                     
 
 
∑ ( ̂     ̅̂)
   
   ( ̂   ̅̂)               
           (18) 
and    ( ) and    ( ) are defined as the sample variances of    and   , respectively. 
Under the regularity condition, the following condition holds: 
    ∑  ̂  
  
   ( )
 
→   ( )                      (19) 
We can use this test statistic to test the null hypothesis of no causality in variance from lag 
1 to lag  . To test for causality in variance from lag 1 to lag  , we compare    with the 
chi-square distribution. If the test statistic is larger than the critical value of the chi-square 
distribution, then we reject the null hypothesis. 
As discussed above, we can use    and    to test the causality in mean and variance, 
respectively. However, these test statistics can be subject to severe size distortions in the 
presence of causality in mean. To overcome this weakness, Hong (2001) proposes incorporating 
the nonuniform weighting cross-correlations into the CCF approach. The modified test statistics 
are as follows: 
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√  
 
→  (   )                        (20) 
and 
   
    
√  
 
→  (   )                         (21) 
We have to use upper-tailed  (   ) critical values since these test statistics are one-sided 
tests. If the test statistic is larger than the critical value of the standard normal distribution, we 
reject the null hypothesis of no causality in mean or no causality in variance. 
 
V. Empirical results 
In this section, we demonstrate whether there exist causality in mean and causality in 
variance between gold and the S&P 500 index results using Hong's approach. We first show the 
empirical results for the full sample period. Then, we give the empirical results for two 
subsample periods: from 4 January 2000 to 8 August 2007 and from 9 August 2007 to 28 April 
2011. It seems that this sample decomposition is reasonable because the subprime mortgage 
problem started being recognized by the market participants around the summer of 2007. In 
addition, for the robustness check of the results, we apply the causality test to different 
subsample periods. In the following discussion, for convenience, we use ‘performance’ and 
‘uncertainty’ as terms referring to the mean and variance, respectively, in the context of 
causality. 
 
Full sample period 
First, we report the empirical results for the full sample period: from 4 January 2000 to 28 
April 2011. As a preliminary analysis, although not reported in detail, we implement the 
augmented Dickey-Fuller (ADF) unit root test and reject the null hypothesis of a unit root for 
both return series for all sample periods, including the subsamples analysed later
9
. 
In the first step, we estimate a set of AR(k)-EGARCH(p,q) processes with generalized error 
distribution for both return series
10
: 
      ∑   
 
                                        ( )           (22) 
  (  
 )    ∑ (      |
    
    
|    
    
    
)  ∑   
 
     (    
 )           (23) 
                                                   
9
 The details of the unit root test are available upon request. 
10
 For the ARCH model and its extension including the EGARCH model, refer to Bollerslev, Chou, and 
Kroner (1992); Bollerslev, Engle, and Nelson (1994); Enders (2010); and Hamilton (1994). For the details 
of the EGARCH model, refer to Nelson (1991). 
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where    denotes gold return or the S&P 500 index return and    is the error term with 
heteroskedasticity.   is a positive parameter, which measures the skewness of distribution. 
Equations 22 and 23 represent the dynamics of the mean and variance for both variables, 
respectively. The EGARCH model can capture the so called leverage effects (also known as 
asymmetric effects). In Equation 23,    and    capture the size effect and the sign effect, 
respectively. In the EGARCH(1,1) model, for example, if         ⁄  is negative, the effect on 
conditional volatility is      . Conversely, if         ⁄  is positive, the effect on conditional 
volatility is      . We set maximum lag order in the AR part as ten, and consider (1,1), (1,2), 
(2,1), and (2,2) as specifications for EGARCH part in the choice of the model. From among 
these specifications, we select the final model based on the Akaike information criterion (AIC) 
and the diagnostic test for autocorrelation of residuals. 
 
Table 2. Estimation results of the AR-EGARCH model: full sample period 
 
Notes: This table reports the AR-EGARCH estimation results based on Equations 22 and 23 for gold and 
the S&P 500 index returns. Q(20) and Q
2
(20) denote the Ljung–Box test statistic for no autocorrelation of 
standardized residuals and squared standardized residuals up to 20 lags, respectively. *, ** and *** 
indicate statistical significance at the 10, 5 and 1% levels, respectively. 
 
Parameter S.E. S.E.
a 0 0.060 *** 0.015 0.044 *** 0.016
a 1 -0.032 * 0.017 -0.069 *** 0.016
a 2 0.022 0.017 -0.045 ** 0.018
a 3 -0.008 0.017 0.006 0.018
a 4 0.011 0.017 0.010 0.017
a 5 -0.002 0.017
a 6 -0.039 0.017
a 7 -0.009 0.017
a 8 0.000 0.016
a 9 0.029 * 0.016
ω -0.071 *** 0.010 -0.097 *** 0.013
α 1 0.097 *** 0.014 -0.208 *** 0.045
α 2 0.330 *** 0.047
γ 1 0.041 *** 0.010 -0.253 *** 0.030
γ 2 0.138 *** 0.031
β 1 0.992 *** 0.003 0.984 *** 0.003
Log-likelihood -3997.091 -4111.811
Q (20) 28.610 17.857
 p -value 0.096 0.597
Q
2
(20) 9.227 17.586
 p -value 0.980 0.615
Gold S&P500 index
Estimate Estimate
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Table 2 reports the estimation results of the AR-EGARCH model for gold return and the 
S&P 500 index return. The selected model is AR(9)-EGARCH(1,1) for gold return and 
AR(4)-EGARCH(2,1) for the S&P 500 index return. For gold return, the coefficient of the 
ARCH term is 0.097, the leverage term is 0.041, the GARCH term is 0.992, and all parameters 
for the variance equation are statistically significant at the 1% level. For the S&P 500 index 
return, the coefficients of the ARCH terms are -0.208 and 0.330, the leverage terms are -0.253 
and 0.138 and the GARCH term is 0.984, and all parameters for the variance equation are 
statistically significant at the 1% level. While  (  ) in the gold return equation shows that the 
autocorrelation of standardized residuals remains weak (i.e., 10% significance level), the overall 
model specification of both series is adequate. Fig. 3 plots the estimated volatilities of the gold 
price and the S&P500 index returns.  
 
 
Fig. 3. The volatilities of gold price and S&P500 index: from January 4, 2000, to April 28, 
2011 
 
 
Next, we construct the standardized residuals and squared standardized residuals for the 
cross-correlation analysis based on Hong (2001). The empirical results of the nonuniform 
weighting cross-correlation analysis for the entire sample period are given in Table 3. This 
result shows that there exists statistically significant causality in mean from the S&P 500 index 
to gold at lags 5, 10 and 15, and all statistics are statistically significant at the 1% level, and that 
there is no causality in mean from gold to the S&P 500 index. Hence, in this sample period, we 
can conclude that there exists a unidirectional causality in mean from the S&P 500 index return 
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to gold return. On the other hand, for causality in variance, there is no evidence of causality 
from the S&P 500 index to gold and vice versa. This finding suggests that there exists no 
volatility transmission between the gold market and the stock market in this sample period. 
 
Table 3. Test statistics for causality in mean and variance: full sample period 
 
Notes: This table shows the causality test statistic calculated from Equations 20 and 21. k indicates a 
truncated lag number. M1 and M2 denote the test statistics for causality in mean and variance, respectively. 
If the test statistic is larger than the critical value of the standard normal distribution, the null hypothesis 
of no causality is rejected. *** Indicates statistical significance at the 1% level. 
 
 
One reason why there exists a unidirectional causality in mean from the S&P 500 index to 
gold is that, gold price has been increasing persistently regardless of the stock market 
fluctuations over the sample period (see Fig. 1). The lack of causality in variance means that 
there is no volatility transmission between the two markets. The result that there is no causality 
in variance from gold to the S&P 500 index shows that gold is not effective as a leading 
indicator of uncertainty in the stock market. Furthermore, as stated below, if we consider that 
causality in variance from the S&P 500 index to gold has occurred due to flight to quality, we 
can infer that gold is not regarded as a hedge or a safe haven for stocks in the long run. 
 
Subsample period 
In this subsection, we report the empirical results for the subsample periods. To focus on 
the change in the role of gold, let us decompose the entire sample into two periods. The first 
sample period is from 4 January 2000 to 8 August 2007, while the second is from 9 August 
2007 to 28 April 2011. The background of this sample decomposition is based on the fact that 
BNP Paribas, a major French bank, froze three of its funds that were related to subprime 
mortgage securities due to it being impossible to evaluate their net asset values (NAVs). It is 
widely recognized that this incident triggered the outbreak of the subprime mortgage crisis. In 
the next subsection, we demonstrate whether the results from this division of the sample period 
are robust to other possible sample period decompositions. 
 
k 5 10 15
M 1 0.597 -0.192 -0.507
M 2 -1.123 -1.643 -2.057
M 1 3.696 *** 2.486 *** 2.519 ***
M 2 0.778 0.321 -0.533
From gold to S&P500
index
From S&P500 index to
gold
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From 2000 to the actualization of the subprime mortgage problem 
Table 4 reports the estimation results of the AR-EGARCH model for both return series for 
the first sample period. The selected model is AR(1)-EGARCH(2,1) for gold return and 
AR(7)-EGARCH(2,2) for the S&P 500 index return. For gold return, the coefficient of the 
ARCH term is 0.235, the leverage term is -0.008, the GARCH term is 0.987, and all parameters 
for the variance equation are statistically significant at the 1% level except for   . For the S&P 
500 index return, the coefficients of the ARCH terms are -0.144 and 0.194, the leverage terms 
are -0.266 and 0.220, the GARCH terms are 1.466 and -0.472, and all parameters for the 
variance equation are statistically significant at the 1% level.  (  ) and   (  )and its 
p-value indicate that no autocorrelation remains; thus, both estimated models are fitted quite 
well. 
 
 
Table 4. Estimation results of the AR-EGARCH model: first sample period 
 
Notes: This table reports the AR-EGARCH estimation results based on Equations 22 and 23 for gold and 
the S&P 500 index returns. Q(20) and Q
2
(20) denote the Ljung–Box test statistic for no autocorrelation of 
standardized residuals and squared standardized residuals up to 20 lags, respectively. *, ** and *** 
indicate statistical significance at the 10, 5 and 1% levels, respectively. 
 
Parameter S.E. S.E.
a 0 0.042 *** 0.016 0.030 0.019
a 1 -0.021 0.352 -0.057 *** 0.021
a 2 -0.043 ** 0.021
a 3 0.005 0.022
a 4 -0.003 0.021
a 5 -0.024 0.021
a 6 -0.034 0.022
a 7 -0.047 ** 0.022
ω -0.057 *** 0.014 -0.042 *** 0.011
α 1 0.235 *** 0.048 -0.144 *** 0.048
α 2 -0.161 *** 0.049 0.194 *** 0.054
γ 1 -0.008 0.036 -0.236 *** 0.034
γ 2 0.070 * 0.036 0.220 *** 0.028
β 1 0.987 *** 0.005 1.466 *** 0.119
β 2 -0.472 *** 0.118
Log-likelihood -2462.135 -2518.796
Q (20) 27.352 9.756
 p -value 0.126 0.972
Q
2
(20) 11.155 16.176
 p -value 0.942 0.706
Gold S&P500 index
Estimate Estimate
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Table 5. Test statistics for causality in mean and variance: first sample period 
 
Notes: This table shows the causality test statistic calculated from Equations 20 and 21. k indicates a 
truncated lag number. M1 and M2 denote the test statistics for causality in mean and variance, respectively. 
If the test statistic is larger than the critical value of the standard normal distribution, the null hypothesis 
of no causality is rejected. ** and *** indicate statistical significance at the 5 and 1% levels, respectively. 
 
The empirical results of the nonuniform weighting cross-correlation analysis for the first 
sample period are given in Table 5. The results are qualitatively similar to those for the full 
sample period given in Table 3, but in this case, there obviously exists feedback effect on 
causality in mean. In particular, not only is causality in mean remarkable in low-order lags but 
also the S&P 500 index performance significantly causes gold return in high-order lags. Thus, 
gold can be seen as an effective leading indicator of stock market performance in the short run 
(i.e., approximately a week ahead). For causality in variance, there is no evidence of causality. 
According to this result, much like that for the full sample period, we can infer that neither does 
gold play a role as a leading indicator of stock market uncertainty nor can it be regarded as a 
hedge or a safe haven for stocks in this sample period. 
 
From the actualization of the subprime mortgage problem to present 
Table 6 reports the estimation results of the AR-EGARCH model for both returns, gold and 
the S&P 500 index. The selected model is AR(1)-EGARCH(2,1) for gold return and 
AR(3)-EGARCH(2,2) for the S&P 500 index return. For gold return, the coefficients of the 
ARCH terms are -0.311 and 0.457, the leverage terms are -0.135 and 0.165, the GARCH term is 
0.994, and all parameters for the variance equation are statistically significant at the 1% level. 
For the S&P 500 index return, the coefficients of the ARCH terms are -0.250 and 0.386, the 
leverage terms are -0.228 and 0.133, the GARCH terms are 1.327 and -0.348, and all parameters 
for the variance equation are statistically significant at the conventional levels.  (  ) and 
  (  ) and its p-value indicate that both estimated models are fitted fairly well. 
The empirical results of the nonuniform weighting cross-correlation analysis for the second 
sample period are given in Table 7. The results are different from those for the first sample 
period given in Table 5. As seen in Table 7, causality in mean from gold to the S&P 500 index 
vanishes, and there exists only a unidirectional causality in mean from the S&P 500 index to 
k 5 10 15
M 1 2.641 *** 1.221 0.711
M 2 -1.079 -1.441 -1.715
M 1 3.687 *** 1.780 ** 2.154 **
M 2 -0.139 -1.047 -1.579
From gold to S&P500
index
From S&P500 index to
gold
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gold at all truncated lags. Similarly, it appears that there is no causality in variance from gold to 
the S&P 500 index, but evidently, there exists a unidirectional causality in variance from the 
S&P 500 index to gold at all three lags. This result is crucial for our objective because it implies 
that the relation between gold return volatility and stock market uncertainty has changed during 
the recent financial turmoil. 
A natural question then arises as to why does causality in mean from gold to the S&P 500 
index disappear, and causality in variance from the S&P 500 index to gold appear? The one 
convincing hypothesis is that investors are driven according to the so called flight to quality by 
fear of financial loses, and hence, rush to purchase gold assets directly or indirectly invest in 
gold as a hedge or a safe haven. Therefore, it seems that a unilateral causality from the S&P 500 
index to gold has been observed in the current financial crisis. Accordingly, gold is not always 
regarded as a hedge or a safe haven for stocks, gold is demanded as a place of refuge in 
abnormal situations such as the recent financial crisis. This hypothesis empirically supports the 
popular opinion of flight to quality, and is partly consistent with the findings of Baur and Lucey 
(2010) and Baur and McDermott (2010) in the debate on gold as a hedge or a safe haven. 
 
Table 6. Estimation results of the AR-EGARCH model: second sample period 
 
Notes: This table reports the AR-EGARCH estimation results based on Equations 22 and 23 for gold and 
the S&P 500 index returns. Q(20) and Q
2
(20) denote the Ljung–Box test statistic for no autocorrelation of 
standardized residuals and squared standardized residuals up to 20 lags, respectively. *, ** and *** 
indicate statistical significance at the 10, 5 and 1% levels, respectively. 
 
Parameter S.E. S.E.
a 0 0.130 *** 0.034 0.082 ** 0.034
a 1 -0.026 0.026 -0.083 *** 0.026
a 2 -0.040 0.029
a 3 0.008 0.030
ω -0.109 *** 0.022 -0.098 *** 0.028
α 1 -0.311 *** 0.074 -0.250 *** 0.088
α 2 0.457 *** 0.077 0.386 *** 0.109
γ 1 -0.135 *** 0.047 -0.228 *** 0.058
γ 2 0.165 *** 0.045 0.133 ** 0.057
β 1 0.994 *** 0.006 1.327 *** 0.186
β 2 -0.348 * 0.181
Log-likelihood -1519.088 -1565.343
Q (20) 23.916 11.166
 p -value 0.246 0.942
Q
2
(20) 26.435 14.214
 p -value 0.152 0.819
Gold S&P500 index
Estimate Estimate
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Table 7. Test statistics for causality in mean and variance: second sample period 
 
Notes: This table shows the causality test statistic calculated from Equations 20 and 21. k indicates a 
truncated lag number. M1 and M2 denote the test statistics for causality in mean and variance, respectively. 
If the test statistic is larger than the critical value of the standard normal distribution, the null hypothesis 
of no causality is rejected. *, ** and *** indicate statistical significance the 10, 5 and 1% levels, 
respectively. 
 
Robustness check 
Finally, to check the robustness of our results, we conduct the same testing procedure for 
different subsample periods, before and after Lehman Brothers' bankruptcy, specifically from 4 
January 2000 to 12 September 2008 and from 15 September 2008 to 28 April 2011. This 
division of the sample corresponds to the time when a symbolic event embodying the current 
financial crisis occurred. 
Although details are omitted, the results are summarized as follows
11
: (1) causality in mean 
and variance are qualitatively similar to those obtained earlier and (2) causality in mean is 
qualitatively similar to that obtained earlier, while a unilateral causality in variance from the 
S&P 500 index to gold is detected again at lags 10 and 15 for the second sample period. 
Accordingly, we can conclude that the empirical results obtained above are robust to sample 
divisions according to the outbreak of the current financial crisis. 
 
VI. Concluding remarks 
This article investigates the causal relations between gold return and stock market 
performance or uncertainty using nonuniform weighting cross-correlations developed by Hong 
(2001). Using the daily data covering the period from January 2000 to April 2011, causality in 
mean and variance between gold return and the S&P 500 index return is examined. Furthermore, 
we divide the sample into two subsample periods to focus on the change of the role of gold as 
an alternative investment asset. The main findings are summarized as follows: 
 
1. There exists a unidirectional causality in mean from the S&P 500 index to gold, but no 
causality in variance is detected from gold to the S&P 500 index and vice versa for the full 
                                                   
11
 The details of the empirical results are available upon request. 
k 5 10 15
M 1 -0.853 0.531 -0.102
M 2 0.714 -0.139 -0.643
M 1 1.622 * 2.002 ** 2.147 **
M 2 1.743 ** 5.275 *** 5.374 ***
From gold to S&P500
index
From S&P500 index to
gold
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sample period. Thus, there is no volatility transmission between both markets in the long 
run. 
2. For the first sample period (before the actualization of the subprime mortgage problem), we 
detect bidirectional causality in mean, though there exists no causality in variance from the 
S&P 500 index to gold and vice versa. 
3. For the second sample period (after the actualization of the subprime mortgage problem), 
there exists not just a unilateral causality in mean but also a unilateral causality in variance 
from the S&P 500 index to gold. 
4. For different subsample periods (before and after Lehman Brothers' bankruptcy), we obtain 
qualitatively similar results. Consequently, we can conclude that the results obtained from 
our analysis have robustness to the choice of the beginning of the current financial crisis. 
 
In all sample periods examined here, causality in mean from the S&P 500 index to gold 
commonly exists. It appears that this causation is, in part, as seen in Fig. 1, due to the persistent 
increases in the gold price regardless of the stock market behaviour over the sample period. 
The last of our findings is crucial in understanding the role of gold, which is our purpose in 
this article, since it implies that the relation between gold and stock market uncertainty has 
changed during the recent financial turmoil. As for the underlying reason, we hypothesize that 
investors are driven to flight to quality by fear of financial collapse, and consequently, rush into 
purchasing gold-linked assets such as ETFs as a hedge or a safe haven. This hypothesis backs 
up the common view of flight to quality with empirics, and is partly supported by the findings 
of some previous works, especially with respect to gold does not always act as a hedge or a safe 
haven for stocks as argued in Baur and Lucey (2010). This hypothesis, however, does not 
necessarily mean that gold effectively acts as to reduce losses in a falling stock market. 
For future research, as suggested in some previous works, exchange rate fluctuations, 
especially the depreciation of dollar, should be taken into account to determine gold return 
volatility. Further, inflation, which is associated with dollar depreciation, is expected to result in 
the demand for gold as a hedge. Due to the presence of these factors and other possible 
determinants influencing gold demand contemporaneously, we need to specify a multivariate 
system (e.g., multivariate GARCH model) to capture the dynamic linkages among them. In 
addition, this article examines the causality only from the perspective of the agents holding 
assets in United States dollars. It is ambiguous whether our findings accord with the agents 
holding assets in different currencies. Thus, we should compare our findings with other results 
across various currencies. We leave these issues for future research. 
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Chapter 2 
Exploring the dynamic interdependence between gold and 
other financial markets 
 
 
I. Introduction 
This article attempts to uncover the dynamic interdependence between gold and other 
financial markets including the stock, bond, and foreign exchange markets over the last decade. 
For this purpose, we employ the asymmetric dynamic conditional correlation (A-DCC) model 
developed by Cappiello, Engle, and Sheppard (2006). It is important that we estimate, as 
precisely as possible, the correlation coefficient among the various assets because this 
decisively controls the effectiveness of the portfolio diversification. 
It is often insisted that the gold market is separated from other traditional asset markets 
owing to its special characteristics
12
. The basis for such an insistence is partly the uncertain 
hypothesis that gold plays the role of a hedge or a safe haven for other traditional assets, 
especially stocks
13
. An analysis of this hypothesis holds important implications, not only for 
institutional investors but also for general investors and researchers. 
While there are several studies on the correlation between the returns of stocks and bonds, 
research on the correlation between the stock and gold markets is scarce
14
. Thus, many issues 
regarding the interdependence of the gold market and other financial markets remain unsettled. 
In this article, we focus on the dynamic interdependence between the markets for gold, stocks, 
bonds, and exchange rates of the euro/US dollar. Since the first three variables are in US dollars, 
we conduct our analysis mainly from the perspective of investors in the US. A main contribution 
of this article is that the asymmetry in the dynamic conditional correlation estimation is taken 
into account. To our knowledge, this is the first study that introduces the asymmetry in a 
dynamic correlation analysis of the gold market. In addition, we expect our analysis to 
contribute towards effective portfolio diversification, asset allocation, and hedging strategies for 
                                                   
12
 For instance, such an insistence is seen in Lawrence (2003). 
13
 According to Baur and Lucey (2010), a hedge is an asset that is uncorrelated or negatively correlated 
with another asset or portfolio on average, while a safe haven is an asset that is uncorrelated or negatively 
correlated with another asset or portfolio mainly in times of market stress or turmoil. They analyze 
whether gold acts as a hedge or a safe haven asset in the US, the UK, and Germany. 
14
 For instance, refer to Baur and Lucey (2009), Cappiello, Engle, and Sheppard (2006) and Connolly, 
Stivers, and Sun (2005) for further research on the stock and bond markets. 
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investors. 
Using the dynamic conditional correlation (DCC) analysis, Chong and Miffre (2009) 
investigate the conditional correlations between various commodity futures (i.e., agricultural, 
energy, livestock, and metal commodities) and stock and bond indexes. They find that precious 
metals (e.g., gold, silver, and copper) work as an effective risk diversifier in volatile stock 
market conditions. Along the same lines, Ciner, Gurdgiev, and Lucey (2010) estimate the DCC 
between gold, stocks, bonds, dollar, and oil in the US and UK. They show that the conditional 
correlation between gold and stocks is generally negative in the US and generally positive, 
except during the recent financial crisis (after the failure of Lehman Brothers), in the UK. In 
addition, by conducting a time variation analysis based on rolling regressions, they conclude 
that gold maintains its role as a hedge or a safe haven for most assets except oil
15
. 
Chiang, Jeon, and Li (2007) apply the DCC model to an analysis of financial contagion in 
the Asian crisis. They find the existence of a contagion effect (increasing correlation) in the 
early phase of the crisis and a herding behavior in its latter phase. Similarly, Naoui, Liouane, 
and Ibrahim (2010) apply the DCC model to an analysis of the financial contagion in the recent 
financial crisis caused by the subprime mortgage problem of 2005–2006. They examine the 
interdependence between the US and other developed and emerging countries and find that 
there exist two country groups, which have or do not have high correlation with the US
16
.  
Hyde, Bredin, and Nguyen (2008) investigate the stock market linkages between 
Asia-Pacific, the EU, and the US using an asymmetric generalized dynamic conditional 
correlation (AG-DCC) model. They confirm the significant asymmetry in correlations between 
these markets, thereby reinforcing the conventional view that correlations increase in response 
to negative news or shocks (e.g., financial turmoil). In turn, Yang, Zhou, and Leung (2010) 
apply the AG-DCC model to stock, bond, and securitized real estate markets. They find 
evidence of asymmetric volatilities and correlations in Commercial Mortgage-Backed Securities 
(CMBS) and Real Estate Investment Trusts (REITs). Furthermore, they present evidence of a 
structural break in the dynamic correlations during the recent financial crisis. Additionally, they 
regress the estimated dynamic correlations on several indicators reflecting macroeconomic 
conditions and demonstrate that the default spread and volatility index (VIX) have significant 
explanatory power for time-varying correlations
17
. Hammoudeh, Yuan, McAleer, and Thompson 
                                                   
15
 Chan, Treepongkaruna, Brooks, and Gray (2011) offer the latest and most extensive examination of the 
linkages between the stock market and other asset markets covering the gold and housing markets. 
16
 For more discussions on financial contagion, see Forbes and Rigobon (2002) and Baur and Lucey 
(2009). See also Yiu, Ho, and Choi (2010). 
17
 See also Akar (2011), which applies the DCC model to the Turkish stock and gold markets and foreign 
exchange returns to demonstrate the structural break in the 2001 crisis. Further, Kuper and Lestano (2007) 
apply the DCC model to Thailand and Indonesia. Kearney and Poti (2006) examine the correlation 
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(2010) examine the correlation dependence and interdependence for four precious metals (gold, 
silver, platinum, and palladium) and the exchange rate (US dollar/euro) by employing the vector 
autoregressive moving average GARCH (VARMA-GARCH) model and DCC model. Their 
analysis suggests that gold is the safest haven against the US dollar
18
. 
As seen from the discussion above, existing literature with the DCC model mainly 
analyzes the cross-border dynamics of correlation in the stock and bond markets. Thus, a study 
that analyzes the correlation across financial markets while covering the gold market is rare. 
This article is an attempt to bridge this gap. 
The rest of the article is organized as follows. In the next section, we briefly summarize the 
outline of the A-DCC model proposed Cappiello, Engle, and Sheppard (2006). We present the 
data used for our analysis and the descriptive statistics in section 3. Section 4 is devoted to our 
empirical results. Section 5 presents the conclusions.  
 
II. Econometric method: Outline of the A-DCC model 
In this section, we briefly summarize the estimation procedure of the A-DCC model 
developed by Cappiello, Engle, and Sheppard (2006)
19
. The procedure consists of three steps. In 
the first step, univariate volatility models, typically GARCH models, are estimated. In the 
second step, we standardize each residual by its standard deviation. In the final step, we estimate 
the dynamic conditional correlation model with conditional asymmetry. 
To start with, suppose that    is a     vector of random variables, for instance, the rate 
of return on assets, with mean zero and covariance matrix   : 
 
          (    )                             (1) 
         ,                              (2) 
 
where      is the information set at time    ,    is a diagonal matrix of which the element 
is the conditional standard deviation (i.e., √    ) obtained from estimating the univariate 
volatility models.    is a time-varying correlation matrix to describe the dynamics of 
correlation, which is assumed to be as follows: 
 
                                                                                                                                                     
dynamics in the European stock markets of Germany, France, Italy, Netherlands, and Spain. For more 
applications of the model to real estate markets, see Liow, Ho, Ibrahim, and Chen (2009). 
18
 Further, refer to Joy (2011) and Pukthuanthong and Roll (2011) for the latest research on the relation 
between gold and exchange rate. 
19
 Bauwens, Laurent, and Rombouts (2006) and Enders (2010) present instructive and comprehensive 
discussions on the dynamic conditional correlation model. For details of the model, refer to Engle (2002). 
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   ,                            (3) 
 
where    √      is the conditional variance-covariance matrix between the standardized 
residuals and   
        ( √     ⁄     √     ⁄ ) is a diagonal matrix with a square root of 
the i-th diagonal element of    at its i-th diagonal position. The standardized residuals are 
written as 
 
     
    .                              (4) 
 
Under the setups described above, the A-DCC(1,1) model is given by: 
 
   (       ) ̅     ̅            
            
        ,        (5) 
 
where   ,    and    are the parameters to be estimated and  ̅        
      ∑     
  
    is 
the unconditional variance-covariance matrix. Also,        , where   is a     indicator 
function which takes on value 1 if      and 0 otherwise while   denotes the Hadamard 
product and  ̅        
      ∑     
  
   .  
The typical correlation estimator is represented as follows: 
 
      
     
√          
                                         (6) 
 
III. Data and descriptive statistics 
We construct the daily PM fixing of the London gold price in US dollars per troy ounce. 
The London gold fixing is the spot price of gold and is determined twice in a business day, at 
10:30 AM and 3:00 PM
20
. The data are from the London Bullion Market Association (LBMA) 
homepage
21. In case the PM fixing price is not available, we replace the data with the next day’s 
opening AM fixing price. As noted in the beginning of this article, our analysis is mainly based 
on the perspective of the US investors. We obtain the S&P500 index and euro/US dollar 
exchange rate
22
 from the Federal Reserve Bank of St. Louis homepage
23, 24
. We take the World 
                                                   
20
 The determination process of gold fixing is described briefly in Capie, Mills, and Wood (2005). 
21
 Refer to http://www.lbma.org.uk/pages/index.cfm. 
22
 We also estimate the A-DCC between gold and the British Pound, Swiss Franc, and Japanese Yen and 
obtain qualitatively similar results to the A-DCC estimation between gold and the EUR/USD. Details of 
the empirical results are offered on request. 
23
 Refer to http://www.stlouisfed.org/. 
24
 The S&P500 index is the daily closing value. The euro/US dollar exchange rate series are daily noon 
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Government Bond Index in US (WGBIUS) as a rate of return on bonds. The WGBIUS is 
provided by Citigroup Inc. and is globally accepted as a benchmark government bond index. 
We obtain the data from Fixed Income Direct, Citigroup Inc. 
In this study, the sample period is from January 4, 2000, to July 29, 2011, and the number 
of observations is 2,876. Table 1 presents the descriptive statistics of our data set. For all data 
series, the natural logarithms are taken and each return series is calculated as follows: 
      (  )     (    )     , where    is the gold price, S&P500 index, WGBIUS, or 
EUR/USD exchange rate. The mean gold and WGBIUS returns are positive (0.061 for gold and 
0.024 for WGBIUS), while the remaining two series are negative (-0.004 for the S&P500 index 
and -0.012 for the EUR/USD exchange rate
25
). The S&P500 index is most volatile in these four 
variables (the standard deviation is 1.367). The standard deviation of gold returns is 1.155, 
whereas that for EUR/USD is about one-half of that of the S&P500 index (0.667). The 
WGBIUS has the minimum standard deviation (0.316). Skewness is negative for all return 
series. Kurtosis exhibits leptokurtic distribution, and clearly, as shown by the Jarque-Bera’s test 
statistic and its p-value, the all-return series are not normal at the 1% significance level. 
 
Table 1. Descriptive statistics 
 
Notes: The p-value corresponds to the Jarque-Bera test statistic.  
 
 
IV. Empirical results and further analysis 
IV-I. The A-DCC estimation and interpretation 
In the first step, we estimate a set of AR( )-EGARCH(   ) processes with generalized 
error distribution for all return series
26
: 
                                                                                                                                                     
buying rates in New York City for cable transfers payable in foreign currencies. Refer to 
http://www.stlouisfed.org/ in details. 
25
 The negative return for the EUR/USD exchange rate shows the appreciation of the euro against the US 
dollar. 
26
 For the ARCH model and its extension, including the EGARCH model, refer to Bollerslev, Chou, and 
Kroner (1992) and Enders (2010). For details on the EGARCH model, refer to Nelson (1991). 
Gold (%) S&P500 index (%) WGBIUS (%) EUR/USD (%)
Mean 0.061 -0.004 0.024 -0.012
Median 0.057 0.055 0.036 0.000
S.D. 1.155 1.367 0.316 0.667
Maximum 7.706 10.424 1.944 3.003
Minimum -7.852 -9.470 -1.942 -4.621
Skewnwss -0.073 -0.172 -0.192 -0.119
Kurtosis 8.092 10.497 4.922 5.110
J.B. 3109.898 6749.025 460.101 540.465
 p -value 0.000 0.000 0.000 0.000
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 ),            (8) 
where    denotes gold, S&P500 index, WGBIUS, or EUR/USD returns and    is the error 
term with heteroskedasticity.   is a positive parameter, which measures the skewness of 
distribution. We set the maximum lag order in the AR part as ten and consider (1,1), (1,2), (2,1), 
and (2,2) as the specifications for EGARCH part in the choice of the model. From among these 
specifications, we select the final model based on the Akaike information criterion (AIC) and 
the diagnostic test for autocorrelation of residuals. The estimation results of the AR-EGARCH 
model are given in Table 2. According to Table 2,    is close to 1 for gold, WGBIUS, and 
EUR/USD (      for S&P500 index), implying the persistence of volatility. 
 
Table 2. The estimation results of the AR-EGARCH model 
Regression models 
      ∑   
 
                                         ( )  
  (  
 )    ∑ (      |
    
    
|    
    
    
)  ∑   
 
     (    
 )  
 
Notes: This table reports the AR-EGARCH estimation results based on Eqs. (7) and (8) for returns on 
gold, S&P500 index, WGBIUS, and EUR/USD. *, **, and *** indicate the statistical significance at the 
10%, 5%, and 1% levels, respectively. Q(20) and Q
2
(20) denote the Ljung-Box test statistic for no 
autocorrelation of standardized residuals and squared standardized residuals up to 20 lags, respectively. 
 
 
Parameter Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.
a 0 0.060 *** 0.015 0.034 ** 0.016 0.030 *** 0.005 -0.019 * 0.011
a 1 -0.027 0.017 -0.068 *** 0.016 -0.012 0.018 -0.014 0.017
a 2 0.016 0.017 -0.044 *** 0.017 -0.067 *** 0.019
a 3 -0.002 0.017
a 4 0.007 0.017
a 5 -0.010 0.017
a 6 -0.032 * 0.017
a 7 0.021 0.016
a 8 0.000 0.016
a 9 0.039 ** 0.016
ω -0.072 *** 0.010 -0.060 *** 0.012 -0.069 *** 0.012 -0.069 *** 0.009
α 1 0.098 *** 0.014 -0.151 *** 0.042 0.074 *** 0.012 -0.076 * 0.045
α 2 0.227 *** 0.050 -0.159 *** 0.044
γ 1 0.040 *** 0.010 -0.243 *** 0.026 0.018 *** 0.006 0.080 *** 0.029
γ 2 0.184 *** 0.025 -0.072 *** 0.028
β 1 0.992 *** 0.003 1.434 *** 0.109 0.995 *** 0.002 -0.994 *** 0.002
β 2 -0.443 *** 0.107 \
Log-likelihood -4056.130 -4182.309 -568.619 -2718.801
Q (20) 25.355 15.712 17.489 20.366
 p -value 0.188 0.734 0.621 0.435
Q
2
(20) 9.589 24.239 24.197 23.958
 p -value 0.975 0.232 0.234 0.244
Gold S&P500 index WGBIUS EUR/USD
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Table 3 reports the estimation results of the A-DCC model. All parameters except 
for    in the equations of gold, the S&P500 index, and the WGBIUS are statistically 
significant at the 5% level or better. The asymmetric term,   , is significant with a 
negative sign only for the pair of gold–EUR/USD. This result shows that there exists 
complementary asymmetry between gold and the EUR/USD; that is, gold and the 
EUR/USD tend to move in the same direction. On the contrary, there is no evidence to 
imply the existence of this asymmetry in the pairs of gold and S&P500 index or gold 
and WGBIUS. Therefore, in the long run, gold does not offer compensation for the 
losses caused by negative shocks in the stock, bond, or exchange markets. 
 
 
Table 3. The estimation results of the A-DCC model 
Regression model 
   (       ) ̅     ̅            
            
          
 
Notes: This table reports the A-DCC estimation results based on Eq. (5). *, **, and *** indicate the 
statistical significance at the 10%, 5%, and 1% levels, respectively. 
 
 
The behavior of the coefficient estimate of the pair-wise dynamic conditional 
correlation is given in Panels A to C in Figure 1. First, Panel A illustrates the evolution 
of the dynamic conditional correlation between gold and the S&P500 index. The 
conditional correlation fluctuates in the range of 0.3 to about -0.3. Thus, we can confirm 
several sharp drops in the correlation. The first period corresponds to the bursting of the 
dot-com bubble and the occurrence of the terrorist attack (September 2001) in the US. 
We also observe that the correlation declines at the end of the sample (May 2010 and 
March 2011). These periods correspond to the upsurge of the economic recession 
concern which has been triggered by sovereign debt crisis in euro area, especially, credit 
Parameter S.E.
Gold versus S&P500 index a 1 0.014 *** 0.004
b 1 0.975 *** 0.007
g 1 0.000 0.002
Gold versus WGBIUS a 1 0.017 *** 0.005
b 1 0.959 *** 0.016
g 1 0.002 0.005
Gold versus EUR/USD a 1 0.019 *** 0.003
b 1 0.970 *** 0.006
g 1 -0.008 ** 0.003
Estimate
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rating lowering of Greece, Spain and Portugal by major credit rating agencies. Roughly, 
the gold and stock markets show almost no correlation throughout the sample period. 
Next, Panel B displays the evolution of the dynamic conditional correlation 
between gold and the WGBIUS. It seems that the sample is divided into two different 
regime periods; that is, although the correlation was relatively volatile from 2000 to 
2004, it became milder after 2005. We can confirm that the correlation increases with 
the burst of the dot-com bubble and the September 11 terrorist attacks. 
Finally, Panel C illustrates the evolution of the dynamic conditional correlation 
between gold and the EUR/USD. The correlation is negative throughout the sample 
period. Thus, over the whole sample period, gold and the euro complement each other. 
This is a natural consequence of gold prices persistently increasing while the euro 
exhibits an appreciation trend against the US dollar throughout the analyzed period. The 
significance of   , previously confirmed, shows that the complementarity strengthens 
even more when negative shocks occur simultaneously in both markets. 
 
 
Panel A: Gold versus S&P500 index 
 
Panel B: Gold versus WGBIUS 
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Panel C: Gold versus EUR/USD 
Figure 1: The evolution of the pair-wise dynamic conditional correlation 
Notes: Panels A, B, and C illustrate the evolution of the pair-wise dynamic conditional correlation based 
on Eq. (5). The sample covers the period from January 4, 2000, to July 29, 2011. 
 
 
IV-II. Test of structural break and driving force of correlation 
In this subsection, we extend the empirical results obtained in the previous section. 
Specifically, we estimate the following first order autoregressive (AR(1)) model including a 
dummy variable and exogenous variable: 
 
 ̂      ̂                       ,                 (9) 
 
where  ̂  is the estimate of the dynamic conditional correlation,   and   are parameters to 
be estimated, and           is a dummy variable representing the current financial crisis. We 
define the crisis period as from September 15, 2008, to the end of sample; that is, the dummy 
variable takes a value of 1 after September 15, 2008, and 0 otherwise. This assumption is based 
on the fact that the bankruptcy of Lehman Brothers is a symbolic event embodying the current 
financial crisis.    represents the exogenous variable that drives the dynamics of the 
correlation. Similar to Yang, Zhou, and Leung (2010), we choose the VIX as an exogenous 
driving force of the conditional correlation. The VIX is a proxy for the uncertainty about future 
prospects
27
. 
Table 4 reports the AR(1) results of the estimated DCC coefficients.    shows that all 
equations fit quite well. According to these results, a structural break has occurred only in the 
conditional correlation of the pair of gold and S&P500 index.   in the regression of the gold–
S&P500 index correlation is positive and statistically significant, implying that the correlation 
                                                   
27
 The VIX data are from the Chicago Board Options Exchange (CBOE). Refer to http://www.cboe.com/. 
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of both returns increased after the failure of Lehman Brothers. A possible explanation for this 
result is that gold prices increased persistently and independently of the stock market, whereas 
the S&P500 index also exhibited the recovery tendency even as it experienced some swings. In 
addition, for this result, we can infer that gold plays the role of a safe haven in times of a stock 
market crash, but its role is limited in the long run. Furthermore, the statistically significant 
negative sign of   implies that flight to quality for gold was caused by increased market 
uncertainty
28
. 
 
 
Table 4. The AR(1) estimation results of the estimated DCC coefficients 
Regression model 
 ̂      ̂                         
 
Notes: This table reports the AR(1) estimation results of DCC coefficients based on Eq. (9). The dummy 
variable takes a value of 1 after September 15, 2008, and 0 otherwise. *, **, and *** indicate the 
statistical significance at the 10%, 5%, and 1% levels, respectively. 
 
 
On the other hand, both   and   are insignificant in their correlations for the pairs of 
WGBIUS and EUR/USD against gold. This means that these interdependencies remain 
                                                   
28
 Additionally, although not reported in the Table, if           is omitted, the VIX loses its 
explanatory power for correlation dynamics. Therefore, we can conclude that the role of uncertainty in 
predicting the correlation dynamics increased after the current financial crisis. 
Parameter S.E.
Gold versus S&P500 index
α 0.001 * 0.001
β 0.981 *** 0.004
δ 0.003 *** 0.001
ξ -0.0001 *** 0.000
R
2 0.976
Gold versus WGBIUS
α 0.001 0.001
β 0.975 *** 0.004
δ -0.001 0.001
ξ 0.000 0.000
R
2 0.953
Gold versus EUR/USD
α -0.006 *** 0.002
β 0.986 *** 0.003
δ 0.001 0.001
ξ 0.000 0.000
R
2 0.973
Estimate
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unchanged by the current financial crisis, and we can confirm that their relationships are not 
influenced by changes in the uncertainty
29
. 
 
V. Conclusion 
In this article, we explore the dynamic interdependence between the gold, stock, bond, and 
foreign exchange (the euro against the US dollar) markets by using the A-DCC model 
developed by Cappiello, Engle, and Sheppard (2006). We identify complimentary asymmetry in 
the dynamic conditional correlation between gold and the euro/US dollar only. In addition, we 
demonstrate that a structural break has occurred in the dynamic conditional correlation for the 
pair of gold and S&P500 index after the collapse of Lehman Brothers. Furthermore, we find 
some evidence that gold works as a safe haven in times of a stock market crash, but its function 
is limited in the long run. Besides, we show that the VIX has a significant explanatory power as 
the driving force behind the dynamic correlation between gold and the S&P500 index. This 
finding can be interpreted as a result of the flight to quality for gold through the recent financial 
turmoil. 
 
 
  
                                                   
29
 However, as mentioned before, we can identify that the correlation between gold and WGBIUS fell 
after 2005. Thus, we do not discuss this movement. 
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Chapter 3 
Cointegration with regime shift between gold and 
financial variables 
 
 
I. Introduction 
The introduction and proliferation of various derivatives and exchange traded funds whose 
underlying assets are commodities have been spurring the increasing financialization of 
commodities, leading to more and more studies of this topic in recent years (i.e., Domanski and 
Heath, 2007; Inamura et al., 2011; Tang and Xiong, 2012). Because of this recent propagation, 
commodity prices may deviate from the fundamental value derived from supply and demand. 
Indeed, while Gorton and Rouwenhorst (2006) showed in the mid-2000s that commodity futures 
returns had a low correlation with stock returns, later research has presented evidence that lends 
support to the presence of a greater degree of correlation (Inamura et al., 2011; Tang and Xiong, 
2012)
30
. In the same vein, although Erb and Harvey (2006) demonstrate that the correlations 
between various commodities are low, Inamura et al. (2011) and Tang and Xiong (2012) 
indicate that correlations among commodities returns have been climbing gradually since the 
mid-2000s, especially among commodities included in S&P GSCI and DJ-UBSCI indexes. 
These facts suggest that diversification now offers fewer benefits to investors compared with a 
decade ago. 
Given the mixed findings in publications since the turn of the century, this paper examines 
the long-run cointegrated relationship between gold and several key financial variables—the 
short-term interest rate, value of US dollar and stock index—over the past 20 years. Further, 
because the rising financialization of commodities might change the circumstances in the gold 
market through the changes of macro-financial environment and investors’ behaviour, we allow 
the cointegrating relation to have a structural break that is endogenously determined by utilizing 
the algorithm developed by Gregory and Hansen (1996a). Previous studies in this area have 
applied Gregory and Hansen’s (1996a) cointegration test to various economic and financial 
                                                   
30
 Chong and Miffre (2010) examine the dynamic conditional correlation (DCC) between 
commodities and traditional assets. Miyazaki et al. (2012) use the asymmetric DCC model in order 
to explore gold and other financial markets. See also Chan et al. (2011) and Sari et al. (2010) for 
linkages between commodities including gold and other asset markets. 
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long-run relational modeling, such as to investigate the association between aggregate 
consumption and the wealth effect (Chen, 2006), comovements among international stock 
markets (Gupta and Guidi, 2012; Huang et al., 2000), interrelationships among stock prices and 
exchange rates (Yau and Nieh, 2006), the stability of money demand (Hacker and Hatemi-J, 
2005; Rao and Kumar, 2011), the stability of import demand (Hamori and Matsubayashi, 2001), 
and the relationship among oil price, economic activity, US dollar and interest rates (Tamakoshi 
and Hamori, 2012). 
The motivation of our study is strongly based on the findings presented by Hammoudeh et 
al. (2009) and Bhar and Hammoudeh (2011). Hammoudeh et al. (2009) explore the causal 
relationships between four commodities including gold and demonstrate that gold has a 
long-run negative impact on the exchange rate; in other words, an increase in the gold price 
leads to the depreciation of the US dollar. Bhar and Hammoudeh (2011) examine the dynamic 
interrelationships between four commodities including gold in a regime-switching framework 
and find that gold has no significant interrelationship with the studied financial variables, except 
for a positive effect on short-run interest rates in a high-volatility regime. 
Because the correlation between gold and stock returns has been increasing as the 
financialization of commodities has propagated, gold has begun to offer investors a tool with 
which to mitigate the risks of inflation and US dollar depreciation. Worthington and Pahlavani 
(2007), for example, find a cointegrating relationship between gold and CPI inflation in the US, 
providing evidence that gold serves as an effective inflation hedge
31
. Further, theoretically, the 
overshooting model predicts the existence of a negative relationship between commodities such 
as gold and interest rates (Frankel, 2006). Based on the structural vector autoregressive model, 
Akram (2009) also shows that commodity prices respond negatively to interest rate declines and 
that US dollar depreciation brings about higher commodity prices. Therefore, the close 
connection between gold and selected financial variables may influence the portfolio selection, 
risk management, and hedging strategies of investors. 
Despite its interest to many international investors as an alternative instrument, however, 
academic research on gold is comparatively rare, and the interrelationship between gold as a 
financial asset and other financial markets remains understudied. The present paper bridges this 
gap in the body of knowledge by examining the cointegrating relationship among these 
variables for the first time. The presented analysis shows that there exists a cointegrating 
relation with regime shift between gold and the three financial variables, namely the short-term 
interest rate, value of US dollar, and stock index. Furthermore, taking into consideration the 
                                                   
31
 For the relation between gold and inflation, see also Mahdavi and Zhou (1997). 
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regime shift, we estimate the cointegrating vector and find that the coefficients of most of the 
financial variables have grown in terms of absolute value in later years. This finding suggests 
that gold has begun to be regarded as an important financial asset for making effective 
investments. 
The rest of the article is organized as follows. We present the data used in Section II. 
Section III is devoted to our empirical results. Section IV concludes the paper. 
 
II. Data 
We construct the daily PM fixing of the London gold price in US dollars per troy ounce 
(GOLD). The data are derived from the London Bullion Market Association
32
. Following the 
approach taken by Bhar and Hammoudeh (2011), we choose the short-term interest rate, 
exchange rate, and stock market index as the financial variables to include in the system. We 
obtain the S&P 500 index (SPX), the trade-weighted exchange index (US dollar against major 
currencies, TWEIM), and the three-month Treasury bill rate (TB3M) from the Federal Reserve 
Bank of St. Louis
33,34
. In this study, the sample period runs from January 3, 1990, to May 31, 
2013, and the number of observations is 5684. Table 1 summarizes the descriptive statistics of 
our data. 
Figure 1 displays the time series plots of each variable used (all variables are scaled at 
natural logarithm except TB3M). Although the gold price decreased until around the end of 
2001, subsequently it began to rise persistently. The short-term interest rate has fallen to near 
0% at present, from approximately 8% at the beginning of 1990. The US dollar has been 
depreciating against major currencies from its peak at the beginning of 2002. The SPX rapidly 
rose until collapse of the dot-com bubble, after which the US stock market experienced two 
troughs around the outbreak of the Iraq war in March 2003 and the collapse of Lehman Brothers 
in September 2008. 
 
  
                                                   
32
 Refer to http://www.lbma.org.uk/pages/index.cfm. 
33
 Bhar and Hammoudeh (2011) use the Morgan Stanley Capital International index as their stock 
market index rather than the SPX. Thus, the presented analysis is mainly based on the perspectives 
of US investors. 
34
 Refer to http://www.stlouisfed.org/ for more information on each variable. 
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Table 1. Descriptive statistics 
 
Notes: p-value corresponds to Jarque-Bera statistic.  
 
 
 
Figure 1. Time series plots of GOLD, TB3M, TWEIM and SPX 
Notes: This figure illustrates the time series plots of GOLD, SPX, TWEIM, and TB3M. The sample 
period runs from 1/3/1990 until 5/31/2013. GOLD, TWEIM, and SPX are log-scaled.  
 
GOLD SPX TWEIM TB3M
Level data
Mean 6.1911 6.7827 4.4635 3.2480
Std. Dev. 0.5664 0.4762 0.1183 2.1880
Maximum 7.5470 7.4201 4.7283 7.9900
Minimum 5.5326 5.6885 4.2194 0.0000
Skewness 1.0284 -0.7776 0.0413 -0.0872
Kurtosis 2.7117 2.1488 2.3214 1.8624
Jarque-Bera 1021.7 744.5 110.7 313.7
 p -value 0.000 0.000 0.000 0.000
Observations 5684 5684 5684 5684
Differenced data
Mean 0.0002 0.0003 0.0000 -0.0013
Std. Dev. 0.0103 0.0119 0.0045 0.0563
Maximum 0.0701 0.1042 0.0368 1.2800
Minimum -0.0960 -0.0947 -0.0411 -1.2100
Skewness -0.2702 -0.2505 -0.1747 -0.5104
Kurtosis 10.1004 11.2288 7.0156 117.9739
Jarque-Bera 12007.0 16093.3 3847.2 3130395.0
 p -value 0.000 0.000 0.000 0.000
Observations 5683 5683 5683 5683
Sample period
1/3/1990 - 5/31/2013
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Table 2 reports the results of the unit root tests for both the Augmented Dickey–Fuller 
(ADF) and the Phillips–Perron (PP) tests. These tests provide qualitatively similar results; the 
null hypothesis of a unit root is not rejected in levels, but it is significantly rejected in 
differences. The only exception is TB3M, which rejects the null hypothesis in levels at 5% 
significance for the specification that excludes deterministic terms in levels. Despite this 
evidence, we let TB3M be I(0) and henceforth treat TB3M as the I(1) variable. 
 
 
Table 2. Unit root test 
 
Notes: 
**
 and 
***
 indicate statistical significance at the 5% and 1% levels, respectively. 
 
 
III. Empirical results 
III-1. Johansen and Gregory-Hansen cointegration test 
Table 3 reports the results of the Johansen cointegration test (Johansen, 1988, Johansen and 
Juselius, 1990). Clearly, we cannot reject the null hypothesis of no cointegration in both the 
trace and the maximum eigenvalue tests. It is well known, however, that the power of the 
Johansen test falls drastically when a structural break in the data exists (Gregory and Hansen, 
1996b). Based on the foregoing, we conduct the Gregory–Hansen cointegration test in order to 
Testing
procedure
ADF test Level data
None 1.876 1.950 -0.583 -2.306 **
Intercept 0.840 -1.589 -1.337 -1.555
Intercept and trend -1.520 -1.642 -1.767 -1.754
Differenced data
None -16.430 *** -14.316 *** -54.719 *** -10.653 ***
Intercept -16.532 *** -14.469 *** -54.718 *** -14.962 ***
Intercept and trend -16.700 *** -14.490 *** -54.715 *** -14.970 ***
Phillip-Perron test
Level data
None 1.650 1.851 -0.591 -2.383 **
Intercept 0.840 -1.373 -1.315 -1.387
Intercept and trend -1.493 -1.567 -1.744 -1.526
Differenced data
None -16.430 *** -81.618 *** -76.312 *** -73.751 ***
Intercept -16.532 *** -81.720 *** -76.310 *** -73.783 ***
Intercept and trend -16.700 *** -81.723 *** -76.304 *** -73.781 ***
Sample period
1/3/1990 - 5/31/2013
GOLD SPX TWEIM TB3M
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take account of the possible existence of a structural break (Table 4). We estimate the most 
general model, namely regime shift model, as follows
35
: 
                 
        
            ,                   (1) 
where    represents GOLD and    represents the vector that includes TB3M, TWEIM and 
SPX.      is a dummy variable such that 
              and              .                     (2) 
  denotes a possible structural break date. The test statistics are given by: 
               ( )        
           ( )        
           ( ).         (3) 
In contrast to the results presented in Table 3, this test rejects the null hypothesis of no 
cointegration, that is, the three test statistics are statistically significant at the 5% level, thereby 
supporting the existence of cointegration with a structural break or regime shift. This finding 
suggests that the failure of rejection in the Johansen test is attributable to the absence of a 
structural break. In addition, the break date is detected on December 8 or 13, 2005, which is the 
time when the gold price started to rise sharply and persistently. 
 
 
Table 3. Johansen cointegration test 
 
Notes: The order of lag length is 5. The critical values are from Osterwald-Lenum (1992). 
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 We also estimate the level shift and level shift with trend models. However, we cannot reject the 
null hypothesis of no cointegration for these specifications. 
Testing procedure Null hypothesis 5% critical value
Trace test
r = 0 43.52 62.99
r = 1 22.53 42.44
r = 2 6.20 25.32
r = 3 1.64 12.25
Maximum eigenvalue test
r = 0 20.99 31.46
r = 1 16.34 25.54
r = 2 4.56 18.96
r = 3 1.64 12.25
Sample period
1/3/1990 - 5/31/2013
Test statistic
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Around this period, even though the Fed has repeatedly and gradually raised its federal 
funds rate over time, US monetary policy was rather loose because the federal funds rate 
remained below its natural level implied by the simple Taylor rule (Taylor, 2007a, 2007b). 
Furthermore, the global saving glut together with low interest rates in the US fueled the 
acceleration of house price rises (Bernanke, 2005, 2010; Taylor, 2007a, 2007b). As suggested 
by Inamura et al. (2011) and among others, the former may have also spurred money inflows 
into the gold market. Furthermore, as reviewed in the Introduction, this point of time concurs 
with when the correlation between commodities and stock returns increased (Inamura et al., 
2011; Tang and Xiong, 2012). Consistent with the suggestion put forward by Inamura et al. 
(2011), therefore, we can infer that loose monetary policy at the US and at the global scale 
resulted in the estimation of the structural break date above. 
 
 
Table 4. Gregory-Hansen cointegration test 
Model specification: Regime shift 
                 
        
             
 
Notes: The order of lag length is selected by using the AIC. 
**
 indicates statistical significance at the 5% 
level. The critical values are from Gregory and Hansen (1996a). 
 
 
III-2. Dynamic OLS estimation 
Table 5 shows the cointegrating vector estimated by the DOLS estimation proposed by 
Stock and Watson (1993)
36
. The regression model is as follows: 
                                                   
36
 See also Stock and Watson (2011) for more details on the estimation of DOLS. We also applied 
two alternative estimation methods, namely fully modified OLS and canonical cointegrating 
regression (Phillips and Hansen, 1990; Park, 1992). These methods produced somewhat different 
results compared with DOLS. Following Montalvo (1995), we thus adopt and report only the reliable 
result achieved by using DOLS, but all results are available from the authors upon request. 
Model Testing
specification procedure 5% critical value Break point
Regime shift
ADF
* -6.04 ** -6.00 12/8/2005
Z t
* -6.29 ** -6.00 12/8/2005
Z α
* -80.00 ** -68.94 12/13/2005
Sample period
1/3/1990 - 5/31/2013
Dependent variable: GOLD
Test statistic
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          ∑          
 
               (4) 
where the definition of    and    is the same as in equation (1) and      and      are 
dummy variables that correspond to the break date detected above; thus, they take a value of 1 
after December 13, 2005, and 0 otherwise
37
.   represents the order of leads and lags for 
differenced regressors. 
Panel A and Panel B in Table 5 report the estimation results of     and     , 
respectively. In both cases, the results are very close to each other, confirming the robustness of 
the choice of the order of leads and lags, and all coefficients are highly significant. 
Table 5 provides three insightful results. First, the dollar index is shown to be the most 
important variable for gold price movements in terms of the absolute estimation value. This 
finding concurs with those in the literature by showing that the depreciation of the dollar leads 
to a higher gold price. Second, there exists a structural break in both the intercept and the 
coefficients in all financial variables examined. In other words, a regime shift has occurred 
between gold and these financial variables (i.e., a shift of the cointegrating vector). The 
intercept dummy is negative and of a magnitude that almost offsets the positivity that occurred 
before the break. The interest rate dummy is also negative and it becomes even more negative 
after the break. Intuition suggests that the lowering of the interest rate caused by monetary 
expansion thus serves as a signal of economic recession. As a result, investors shift their assets 
to gold for refuge from the turmoil. Finally, the inflow of money supplied by central banks 
accelerates increases in asset prices. Although the dummy for the US dollar index is positive, 
the sum of the coefficients of the exchange rate is still negative. In addition, gold positively 
correlates with the SPX after the break, and the sum of the coefficients both before and after the 
break becomes positive. This finding implies that gold does not effectively act to reduce losses 
in the stock market downturn in the long run. 
Overall, the presented analysis strongly suggests that the gold price has started to react 
more greatly to the behavior of the relevant financial variables. In other words, as suggested by 
Baur (2011) among others, gold has begun to be regarded as an important financial asset for 
making effective investments as the financialization of commodities has proliferated. 
 
IV. Conclusion 
In this paper, we presented and used the Gregory–Hansen cointegration test in order to 
examine the long-run relationship between gold and three financial variables, namely the 
                                                   
37
 We assume December 13, 2005 to be a structural break date because the test statistic that 
corresponds to this date,   
 , is the most statistically significant. 
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short-term interest rate, US dollar, and stock market. We demonstrated that there exists a 
cointegrating relationship with regime shift among these variables based on the analysis of daily 
data from January 1990 to May 2013. In addition, our regression analysis, which takes into 
account a structural break, implies that the coefficients between most of the financial variables 
and the gold price have increased in absolute value in later years. As the financialization of 
commodities advances, this finding suggests that gold has begun to be regarded as an important 
financial asset for making effective investments. Nonetheless, one consequence is that gold may 
lose any benefits from diversification following the increase in correlations among different 
asset classes. 
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Table 5. DOLS estimation of cointegrating vector 
Regression model 
        
             
          ∑          
 
    
    
 
Notes: 
*
, 
**
, and 
***
 indicate statistical significance at the 10%, 5%, and 1% levels, respectively. For the DOLS estimation, the standard errors are adjusted by using 
the Newey–West (1987) method. 
 
  
Panel A Panel B
Prameter S.E. p -value Prameter S.E. p -value
K  = 5 K  = 10
α 12.588 *** 0.206 0.000 α 12.533 *** 0.215 0.000
β tb -0.017 *** 0.002 0.000 β tb -0.017 *** 0.002 0.000
β ex -1.416 *** 0.055 0.000 β ex -1.402 *** 0.057 0.000
β sp -0.040 *** 0.012 0.001 β sp -0.042 *** 0.012 0.001
γ -11.331 *** 1.831 0.000 γ -11.528 *** 1.841 0.000
δ tb -0.174 *** 0.009 0.000 δ tb -0.175 *** 0.009 0.000
δ ex 1.155 *** 0.319 0.000 δ ex 1.156 *** 0.325 0.000
δ sp 1.037 *** 0.086 0.000 δ sp 1.065 *** 0.083 0.000
R
＿
2
R
＿
2
Sample period
1/3/1990 - 5/31/2013
Dependent variable: GOLD
0.973
Estimate
Order of
leads and lags
0.972
Estimate
Sample period
1/3/1990 - 5/31/2013
Dependent variable: GOLDOrder of
leads and lags
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